INTRODUCTION
Tanacetum argenteum is represented in Turkey with three subspecies; one of the subspecies is also represented with two varieties. Three of these taxa are endemic in Turkey including T. argenteum ssp. argenteum 1 . Previously essential oil composition of this species 2, 3 and chemistry [4] [5] [6] of ssp. fl abellifolium and ssp. canum var. canum were investigated. Also there is a report on the chemistry of ssp. argentum 7 . New sesquiterpene lactones 8α -angeloyloxycostunolide, 8α -angeloyloxyanhydroverlotorin 7 , flabellin 4 , 1β -hydroxy-6α -angeloyloxygermacra-4 5 , 10 14 , 11 13 -trien-8, 12-ollide, 1β ,4α -dihydroxy-6α -isobutyloxyeudesm-11 13 -ene-8,12-ollide 5 epoxyflabellin, Δ
-15-oxoflabellin, Δ 3 4 -15-hydroxydihydroflabellin, 11α -dihydrofl abellin and 11β -dihydrofl abellin 6 were isolated from T. argenteum subspecies. However to the best of our knowledge there is no report on the essential oil com-position of T. argenteum ssp. argenteum. Tanacetum densum is represented with four subspecies all are endemic in Turkey. Previous investigations on this species include essential oil composition 8, 9 and chemistry [10] [11] [12] [13] [14] [15] of ssp. amani, ssp. eginense and ssp. sivasicum.
As a part of our phytochemical and biological investigation of Tanacetum species, here we report on the composition and antibacterial, cytotoxic, radical scavenging properties of endemic T. argenteum ssp. argenteum and T. densum ssp. amani essential oils from Turkey.
ing period in 14 July 2005 from Saimbeyli -Adana at 2107 m altitude. Voucher specimens have been deposited at the Herbarium of the Faculty of Science, Istanbul University Voucher no. ISTE 83398 A and ISTE 83399 B , Turkey. Plant materials were identifi ed by Dr. Kerim Alpınar.
Methods

Isolation of the essential oils
Aerial parts 100 g each of the plant samples A and B from Saimbeyli location were separately subjected to hydrodistillation for 4 h using a Clevenger-type apparatus to produce the oils. Yellow colored oils were obtained in 0.27 A and 0.45 B w/w yields.
Essential oil analysis
The essential oil analyses were carried out simultaneously by gas chromatography GC and gas chromatography-mass spectrometry GC-MS systems.
Gas chromatography-mass spectrometry analysis
The GC-MS analysis was performed with an Agilent 5975 GC-MSD system with Innowax FSC column 60 m 0.25 mm, 0.25 μm fi lm thickness and helium as carrier gas 0.8 mL/min . Oven temperature was programmed to 60 for 10 min. and raised to 220 at rate of 4 /min. Temperature kept constant at 220 for 10 min. and then raised to 240 at a rate of 1 /min. Mass spectra were recorded at 70 eV with the mass range m/z 35 to 450.
Gas chromatography analysis
The GC analyses were done with an Agilent 6890N GC system. FID detector temperature was set to 300 and same operational conditions applied to a duplicate of the same column used in GC-MS analyses. Simultaneous auto injection was done to obtain the same retention times. Relative percentage amounts of the separated compounds were calculated from integration of the peaks in FID chromatograms. The result of analysis is shown in Table 1 Table 3 .
2.2.4
Vibrio fi scheri cytotoxicity assay 5 μL of 2 mg/mL ethanol solutions of the essential oils were applied on HPTLC plates Merck Darmstadt, GERMA-NY by the help of Automatic TLC Sampler 4 Camag Muttenz, Switzerland . Freeze-dried, luminescent Vibrio fi scheri microorganisms obtained from the kit were inoculated on the medium provided by the kit ChromadexTM Irvine CA, USA . Culture of the microorganism was incubated for 24-30 h at 28 . Previously prepared HPTLC plates were dipped into the freshly grown luminescent culture with an automatic immersion device Camag Muttenz,Switzerland and excess of the culture removed from the plates with a squeegee. Plates were photographed at 30 with CCD camera of BioLuminizer Camag Muttenz,Switzerland . Cytotoxicity of the oils were detected as black spots on the photographs 22 . The results of Vibrio fi scheri toxicity activity test are given together with antibacterial activity results in Table 3 Table 4 .
RESULTS
Essential oil compositions of T. argenteum ssp. argenteum A and T. densum ssp. amani B are given in Table  1 Table 2 .
T. argenteum ssp. argenteum oil showed the same level of activity against the food pathogenic bacteria Bacillus cereus 125 μg/mL when compared to the positive control chloramphenicol 125 μg/mL . Similarly oil A showed relatively mild inhibitory activity against B. subtilis 125 μg/ mL when compared to the positive control 62.5 μg/mL . However T. densum ssp. amani oil did not show any signifi cant activity to the microorganisms tested in this series suggesting its selectivity. B. cereus is a food pathogen which is responsible for some of the food poisoning diseases by its ability to produce enterotoxin 26, 27 . Both oils showed toxicity to Vibrio fischeri with HPTLC-Vibrio fischeri toxicity assay which is used to evaluate possible general toxicity of the oils as an initial indicator. The toxicity was observed at low concentrations when compared to vitamin C. DPPH radical scavenging activity was observed on the oil A with 15 mg/mL and 10 mg/mL concentration. The oil A showed very low DPPH scavenging activity when compared to the positive control α-tocopherol in both concentrations.
DISCUSSION
Previously essential oils with high content of α -pinene were reported for Tanacetum species however to the best of our knowledge there is no previous report on the oil of this species with high content of both α -pinene and β-pinene. T. argenteum ssp. argenteum essential oil was investigated for the fi rst time and it showed an unusual essential oil composition when compared to the other species of Tanacetum. On the other hand essential oil of T. densum ssp. amani was previously investigated and reported to have β-patchoulene, camphor, 1,8-cineole compounds in high amounts 8 unlike our present investigation on this plant. These differences in the previous literature and present data could be related to different collection times, climatic and soil conditions, ecological factors, methods and instruments employed in analysis or different genotypes. However to the best of our knowledge there is no report on Tanacetum essential oil with high content of β -patchoulene except for the previous report on T. densum ssp. amani 8 . This compound could have been mistaken with α-copaene or another component which has the similar mass fragmentation pattern and chromatographic properties with β -patchoulene. Main source for this compound is known as Pogostemon Lamiaceae species and essential oil of these species fi nds use in perfume industry. It is highly unlikely for this sesquiterpene to occur in a Tanacetum oil; however α -copaene is present in many Tanacetum essential oils as a satellite component 3, 9, [28] [29] [30] [31] [32] . In the previous literature pinane type monoterpenes were reported in small amounts however in this study both α-pinene and β-pinene were the main components. Also in the present data camphor is present in small amounts unlike the previous report. Both oils contained 1,8-cineole and p-cymene in similar amounts. However β-patchoulene is completely missing from the oils studied while α-copaene is present in trace amount. Oil A showed insignificant DPPH-scavenging activity. The same oil showed similar activity against Bacillus cereus when compared with positive control at the same concentration. Oil B did not show any signifi cant activity to the tested microorganisms. Both oils showed toxicity to Vibrio fi scheri when compared to positive control Vitamin C. 
CONCLUSIONS
